Abstract. The objective of the present study was to present 4 recently encountered ovarian large-cell neuroendocrine carcinoma (LCNEC) cases, and to evaluate their clinicopathological features in the context of the previously reported 29 LCNEC cases. First, we described the clinical features of 4 recently encountered cases. Routine H&E staining and immunohistochemistry for CD56, synaptophysin and chromogranin A were performed on sections of both the LCNEC and epithelial carcinoma components. Clinical data for the total of 33 LCNEC cases were summarized, and the Kaplan-Meier survival curve was estimated. Our cases were observed in women aged 42-81 years. One case is clinically classified as FIGO stage IV with multiple metastases, and the others are classified as FIGO stages Ic, IIc and IIIb by post-surgical findings. Pathological features, assessed by H&E staining, were similar to lung LCNEC, and at least one neuroendocrine marker was positive staining in both LCNEC and the epithelial component. One case was pure type LCNEC and the others were mixed carcinoma. Paclitaxel/carboplatin chemotherapy was performed for all cases and 3 of the 4 treatments were effective. The prognoses of our cases were as follows: 1 in stage Ic died from the disease after only 2 months, but the others survived, with or without recurrence, for 32-64 months, whereas the total 5-year survival of the 33 LCNEC cases was 34.9%. In summary, our 3 LCNEC cases revealed ordinary chemo-sensitivity, resulting in a better prognosis than those previously described, apart from 1 case which exhibited aggressive behavior. For the future, a retrospective survey to elucidate the prognostic factors and prospective clinical studies to evaluate the efficacy of treatment modalities of ovarian LCNEC are necessary, particularly for aggressive LCNEC cases.
Introduction
The World Health Organization (WHO) defines large-cell neuroendocrine carcinoma (LCNEC) as a tumor with a large nucleus and a tendency to have neuroendocrine differentiation, and it defines ovarian LCNECs as miscellaneous tumors (1) . In Japan, the term LCNEC was described for the first time in The General Rules for Clinical and Pathological Management of Ovarian Tumors by the Japan Society of Obstetrics and Gynecology and the Japanese Society of Pathology in December 2009. Until these classifications were established, LCNEC had been classified as anaplastic or poorly differentiated carcinoma and was synonymous with undifferentiated carcinoma of the non-small cell neuroendocrine type (1, 2) . According to the WHO classification of lung cancer (3), the pathological structures by H&E staining reveal a characteristic organization, such as round nest and sheet-like formation with frequently central coagulative necrosis, and rosette-like formation of tumor cells is often observed everywhere. The nucleus is large with granular or coarse chromatin, a prominent nucleolus and moderate or abundant cytoplasm. Additionally, neuroendocrine differentiation by immunohistochemical analysis, such as chromogranin A, synaptophysin and CD56, is required to confirm the diagnosis of LCNEC. This cancer is also generally accompanied by surface epithelial-stromal tumors, and the LCNEC components metastasize relatively early, resulting in poor prognosis (1) . To date, only 29 cases of ovarian LCNEC have been reported (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) . Thus, we describe our 4 recently encountered cases and evaluate the clinicopathological features of ovarian LCNEC from 33 primary cases, including previously reported cases.
Materials and methods
Initially, we described the clinical courses of our 4 cases. Then, for all 33 available LCNEC cases, we summarized the clinicopathological findings, such as patient age, FIGO stage, tumor marker values, operation and intra-abdominal findings, chemotherapy regimens and outcomes (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) . The Kaplan-Meier overall survival rate was estimated by analyzing the survival time data reported in the literature with STAT view software for Windows. Routine H&E staining and immunohistochemical staining for CD56, synaptophysin and 
Case 3.
A 65-year-old, nulligravida, post-menopausal woman complained of nausea and abdominal distension with continuous pain. She was referred to our hospital because of an abdominal mass. CT and MRI examinations revealed an 11-cm cystic abdominal ovarian tumor with enhanced nodule formation. Her CA125 and CA19-9 levels were 77.0 and 776.5 U/ml, respectively. Her Pap smear of the uterine cervix and endometrium was negative. Owing to her continuous abdominal pain, we performed an emergency operation, including bilateral salpingo-oophorectomy, hysterectomy and omentectomy; macroscopically, there was no residual tumor. Pelvic and para-aortic lymph nodes were not swollen upon palpation. The tumor had spontaneously ruptured, which was suggested as the cause of her abdominal pain. Peritoneal washing cytology was negative. On pathological examination, most of the tumor had a characteristic sheet or nest formation with central and peripheral coagulative necrosis, and the diagnosis of LCNEC was confirmed by CD56-positive immunohistochemistry. The remaining tumor was diagnosed as endometrioid adenocarcinoma with squamous differentiation. Although we planned postoperative adjuvant chemotherapy for this FIGO surgical stage Ic ovarian cancer (pT1cNxM0), the patient was morbid with nausea, vomiting and pain as a result of her abdominal distension within 2 weeks of the operation. CT examination revealed an occlusive ileus due to the 10-cm recurrent pelvic mass, and liver metastasis and regional lymphadenopathy had already appeared. The patient died 2 months after the surgery and exhibited no response to the TC chemotherapy.
Case 4.
A 42-year-old, gravida 3, parity 3 woman with a regular menstrual cycle was discovered to have a lower abdominal mass at a local clinic; she was then referred to our hospital. CT and MRI examinations revealed an ovarian tumor composed of cystic and solid parts. Her CA125 and STN levels were elevated to 775.2 and 139.3 U/ml, respectively. Pap smears of the uterine cervix and endometrium were both negative. The tumor disseminated to the abdominal cavity, particularly the omentum and the Douglas peritoneum; as a result, optimal debulking surgery was performed, including bilateral salpingooophorectomy, hysterectomy with peritoneum resection of the Douglas pouch, omentectomy and retroperitoneal lymphadenectomy. Histopathological diagnosis was LCNEC, which contained a component of endometrioid adenocarcinoma with weakly positive staining for CD56 and chromogranin A. All disseminated tumors in the right ovary, parametrium, uterus, Douglas peritoneum and omentum were histologically diagnosed as LCNEC. The patient received 6 cycles of postoperative TC (175 mg/m 2 paclitaxel and CBDCA at AUC 6.0) chemotherapy for FIGO surgical stage IIIb ovarian cancer (pT3bN0M0), and during the 32 months after initial therapy she was alive with no signs of recurrence.
Pathological findings. Macroscopic findings on the cut surface of the tumors were not specific compared to the usual type of ovarian cancer. The solid component was slightly elastic with a light gray color and had hemorrhage and necrosis. All cases had characteristic findings on microscopic examination of the H&E-stained slides (Fig. 1A-D) . Sheet or nest formations were observed, which had central coagulative necrosis with scanty stroma or massive hemorrhage surrounding the nest. Tumor cells were arranged in a palisading pattern at the periphery of the nests, and frequently showed rosette-like formation ( Fig. 2A and B) . The tumor cells had large round-to-oval nuclei, sometimes with prominent nucleoli, granular or coarse chromatin and relatively abundant basophilic cytoplasm. In particular, the nuclear polymorphism in Case 3 was very strong with high mitotic activity. In addition, adenocarcinoma components were observed adjacent to the LCNEC component. For example, Case 2 showed well differentiated endometrioid adenocarcinoma, Case 3 had poorly differentiated endometrioid adenocarcinoma with squamous differentiation and mucinous adenocarcinoma, and Case 4 had poorly differentiated endometrioid adenocarcinoma. At the time of diagnosis, these H&E findings led us to initially doubt that the tumors were LCNECs; however, we finally defined the tumors more decisively based on positive immunohistochemical results for neuroendocrine markers, such as CD56, chromogranin A and synaptophysin. In the LCNEC component, 3 of 4 cases (75%) were partially or diffusely positive for CD56, 3 of 4 cases (75%) 
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were partially positive for chromogranin A, and all of the cases were negative for synaptophysin ( Fig. 3A and B) . On the other hand, in the adjacent carcinoma component, a similar staining pattern was observed compared to the LCNEC component.
Clinicopathological features of LCNEC -literature review.
The clinicopathological summary of the 33 LCNEC cases is presented in Table I (4-17 (4, 6, 9, 10, 14, 16, 17) . The epithelial components in 29 cases of ovarian LCNEC, excluding the 4 pure type LCNEC cases, were as follows: 17 cases (56.7%) were mucinous tumors (benign, borderline malignancy and malignancy), 8 cases (26.7%) were endometrioid adenocarcinomas, 3 cases (10%) were mature cystic teratomas, 2 cases (6.7%) were adenocarcinomas, not otherwise specified, 2 cases (6.7%) were serous adenocarcinomas and 1 case (3.3%) was a benign ovarian cyst (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) . In the 21 cases described for which the patients had undergone surgical treatment, 16 (76.2%) cases had complete surgery, 4 (19.0%) had optimal surgery and 1 (4.8%) had suboptimal surgery. Platinum-based chemotherapy was performed in most of the cases. The most popular recurrence sites were both pelvis ± abdomen and liver, found in 5 out of the 11 cases (45.4%) described in the literature. The next most popular sites were as follows: lymph nodes (4 out of 11 cases, 36.4%), brain (3 out of 11 cases, 27.2%) and bone (2 out of 11 cases, 18.2%). A Kaplan-Meier survival curve of the 33 cases is shown in Fig. 4 . Twelve patients died within 12 months, such that the total 5-year survival was 34.9%, a value that was 35.3% even in stage I patients.
Discussion
Only 33 primary ovarian LCNEC cases have been reported in the literature, including our 4 cases. LCNEC is a relatively new classification, and gynecologic oncologists are still not familiar with its name. The most difficult differential diagnoses are thought to be poorly differentiated carcinoma and undifferentiated carcinoma. In diagnosing LCNEC, both the presence of an epithelial component and morphological neuroendocrine differentiation, such as rosette formation, are useful.
In the confusing case of distinguishing LCNEC from poorly differentiated adenocarcinoma, it is first necessary to doubt in favor of LCNEC by characteristic H&E findings, and then to confirm its diagnosis through positive immunohistochemical results for neuroendocrine markers (3). On the other hand, in a case that lacks an epithelial component, undifferentiated carcinoma is the most important differential diagnosis. Although LCNEC is synonymous with undifferentiated carcinoma of the non-small cell neuroendocrine type according to the WHO classification (1), we posit that finding morphologic neuroendocrine differentiation, such as rosette-like formation, requires classification as LCNEC. Of course, it is important that secondary ovarian LCNEC from the lung is excluded clinically. In Case 1, we made the clinical diagnosis of ovarian, rather than lung LCNEC because of both multiple nodules and the larger size of the ovarian tumor nodules. Ovarian LCNEC is also characterized by the presence of surface epithelial-stromal tumors with benign, borderline or malignant behavior, and the presence of only LCNEC components at the metastatic site (1, 9) . In fact, both metastatic brain tumors in Case 1 and the widely disseminated tumor to the abdominal cavity in Case 4 were diagnosed not as epithelial, but LCNEC components. Mucinous tumors and endometrioid adenocarcinoma were obviously predominant. However, in 2 cases with serous adenocarcinoma, both DraganovaTacheva et al (17) and Choi et al (13) concluded that each LCNEC component and serous adenocarcinoma component had different origins, meaning they arose independently, on the basis of the immunohistochemical pattern or microsatellite instability (MSI) analysis. Notably, neuroendocrine markers, such as chromogranin, synaptophysin and NSE, were detected in the epithelial component as well as in the LCNEC component in the same patient by immunohistochemistry (4, 5, (7) (8) (9) 17) . These results are shown in Table II . This suggests that the LCNEC and epithelial components have similar biological characteristics, even though they differ in regards to morphology. The prognosis of ovarian LCNEC is recognized to be extremely poor (1); our survey also revealed that the total 5-year survival was 34.9%, and still only 35.3% for stage I cases, even though in over 95% of these cases complete or optimal surgery was performed. There was such a high incidence in recurrence not only to the abdominal cavity, but also to specific sites that differed from the usual ovarian cancer distribution. This suggests that LCNEC may have strong lymph-vascular space invasion, which contributes to its poor prognosis. Case 3 showed extremely rapid progression with pelvic mass formation, liver metastasis and pelvic lymphadenopathy within only 2 weeks after primary surgery; moreover, TC chemotherapy was not effective in this patient. Similar cases have been previously reported (4, 5, 8) and provide evidence that ovarian LCNEC is a malignant neoplasm with aggressive behavior.
However, we found that, except for the aforementioned aggressive case, our other cases were sensitive to TC chemotherapy and have to date demonstrated relatively good outcomes. Veras et al conducted a study at the MD Anderson Cancer Center and reported that 3 stage I cases of LCNEC acquired long-term survival for 22-68 months, and even stage III or IV cases revealed similar prognosis with standard surgery that was followed by adjuvant platinum-based chemotherapy (15) . As a result, we suggest that most LCNEC cases are as chemotherapy-sensitive as common ovarian cancer. When these tumors are poorly responsive to TC chemotherapy, second-line chemotherapy regimens, such as cisplatin/vinorelbine, cisplatin/etoposide, cisplatin/vinblastine, cisplatin/gemcitabine and cisplatin/docetaxel, should be taken into consideration according to the National Comprehensive Cancer Network (NCCN) guidelines for primary lung LCNEC (18) . Moreover, to our surprise, in 2 LCNEC cases that included brain metastasis, both tumor resection and adjuvant radiotherapy resulted in patient survival, to date (16) . Thus, in cases of local recurrence, the combination of chemotherapy with aggressive surgery and adjuvant radiation therapy should be taken into consideration as a possible treatment strategy.
In summary, only 33 ovarian LCNEC cases have been reported to date. The term LCNEC has been unfamiliar to gynecologic oncologists not only in Japan, but also worldwide, and its criteria for diagnosis may be considered vague. As a result, certain LCNEC cases may have been inaccurately classified as undifferentiated or poorly differentiated adenocarcinoma. Generally, the prognosis of LCNEC has been recognized as extremely poor owing to its biologically aggressive behavior. However, we suggest that some ovarian LCNECs reveal more favorable prognosis than previously reported, particularly because of their ordinary chemo-sensitivity. A retrospective survey to elucidate the prognostic factors and prospective clinical studies to evaluate the efficacy of treatment modalities of ovarian LCNEC are necessary, particularly for aggressive LCNEC cases.
